
3Annals of Pediatric Cardiology 2012 Vol 5 Issue 1

MINI SYMPOSIUM: CONGENITAL MITRAL VALVE LESIONS

Address for correspondence: Dr. Bo Remenyi, Menzies School of Health Research, Charles Darwin University, Darwin, Australia.  

E-mail: bo.remenyi@menzies.edu.au

INTRODUCTION

Clinically significant congenital mitral valve lesions 
are rare and estimated to affect 0.4%[1] of those 
with congenital heart disease or 5/100 000[2] of the 
general population. This is a likely underestimate as 
in the setting of congenital heart disease, mitral valve 
lesions are often incompletely documented.[3] The 
original classification and descriptions were based 
on the severe forms that attracted the attention of 
pathologists and surgeons. Cardiologists, however, 
frequently encounter milder, atypical, or incomplete 
forms of mitral valve defects that are often referred 
to as the forme fruste. [4,5] Echocardiography reveals 
that the prevalence of the minor mitral valve defects 
may be much higher than previously reported, up to 

1% (11/1142) in healthy school-aged children.[6] This 
is similar to the reported prevalence of congenital 
aortic valve defects.[7,8]

Echocardiography (2-D or 3-D) allows for high resolution 
real-time evaluation of the mitral valve complex. The 
cardiac surgeon can now expect detailed preoperative 
echocardiographic morphological assessment to guide 
the accurate timing and nature of surgical management. 
Despite technological advances we still communicate 
with descriptive terms of historical significance including 
arcade, parachute, and hammock-like valves. Whilst such 
terms are not necessarily erroneous, they are simplistic 
and lack the specificity that surgeons currently demand 
in the description of congenital cardiac defects.

This paper aims to examine the strengths and weaknesses 
of commonly used classification systems and descriptions 
of congenital mitral valve lesions. It will make 
recommendations on how to systematically evaluate 
the congenitally malformed mitral valve using 2-D and 
3-D echocardiography to assist precise communication 
and optimal surgical management. It will then identify 
the most common patterns of congenitally malformed 
mitral valves based on a systematic review and provide 
echocardiographic illustrations. Discussion will be 
limited to settings with concordant atrioventricular 
and ventricle-atrial connections with the exclusion of 

Congenital mitral valve lesions: Correlation between morphology 
and imaging
Bo Remenyi1,2, Tom L Gentles1

1Department of Paediatric Cardiology, The Green Lane Paediatric and Congenital Service, Starship Children’s Hospital, Auckland, New Zealand, 2Menzies 
School of Health Research, Charles Darwin University, Darwin, Australia

ABSTRACT

Congenital malformations of the mitral valve are often complex and affect multiple segments of the valve 
apparatus. They may occur in isolation or in association with other congenital heart defects. The majority 
of mitral valve malformations are not simply classified, and descriptive terms with historical significance 
(parachute, mitral, or arcade) often lack the specificity that cardiac surgeons demand as part of preoperative 
echocardiographic morphological assessment. This paper examines the strengths and limitations of commonly 
used descriptions and classification systems of congenitally malformed mitral valves. It correlates pathological, 
surgical, and echocardiographic findings. Finally, it makes recommendations for the systematic evaluation of the 
congenitally malformed mitral valve using segmental echocardiographic analysis to assist precise communication 
and optimal surgical management.

Key words: Congenital, echocardiography, mitral valve

Access this article online
Quick Response Code:

Website:

www.annalspc.com

DOI:

10.4103/0974-2069.93703

Videos available on www.annalspc.com



4 Annals of Pediatric Cardiology 2012 Vol 5 Issue 1

Remenyi and Gentles: Congenital mitral valve lesions

atrioventricular canal defects and hypoplastic left heart 
syndrome.

A literature review was performed using Medline and 
Embase to identify existing classifications of congenital 
mitral valve lesions. The search terms “congenital,” 
“mitral valve,” “surgery,” “pathology,” “stenosis,” and 
“regurgitation” were optimally combined. Limits applied 
to the search were “human,” “English,” and “child.” Only 
those studies that observed a cross-sectional population 
with minimal bias and a minimum patient cohort of 10 
were included.

CLASSIFICATION OF CONGENITAL 
MITRAL VALVE LESIONS

The literature search identified seven classification 
systems of congenital mitral valve lesions (in the setting 
of concordant atrioventricular and ventricle-atrial 
connections with the exclusion atrioventricular canal 
defects and hypoplastic left-heart syndrome) that are 
detailed in Table 1.

Anatomical classification systems: Based on post 
mortem studies

Davachi and colleagues in 1971, were one of the first to 
systematically assess and classify congenitally malformed 
mitral valves based on postmortem assessment. [9] They 
used a segmental classification according to whether 
the lesion affected the leaflets, commissures, tendinous 
chords, or papillary muscle arrangements. In 1977, 
Collins-Nakai et al. critiqued this segmental classification 
as they noted 97% (37 out of 38) of their patients with 
congenital mitral stenosis had more than one segment of 
the mitral valve apparatus affected.[12] They concluded 
that it was misleading to classify patients based on one 
anatomic segment of the mitral valve.[12] They proposed 
a classification based on associated cardiac defects (e.g., 
associated left-sided lesion, Tetralogy of Fallot, or no 
associated defects) [Table 1].

In 1978, Ruckman and van Praagh focused their 
attention on stenotic mitral valve defects and noted that 
typically congenital mitral stenosis affected multiple 
valve segments.[13] Commonly, the leaflet margins were 
thickened, tendinous chords appeared shortened, 
interchordal spaces were obliterated, and the two 
papillary muscles were underdeveloped and closely 
spaced. They coined the term “typical congenital mitral 
valve stenosis” to describe this most common defect 
with two distinct papillary muscle arrangements. The 
remainder of stenotic mitral valve defects were classified 
as “parachute mitral valve” (a single papillary muscle 
variant), “hypoplastic mitral valve” (miniature valve as 
seen in hypoplastic left heart syndrome), “double orifice 
mitral valve,” and “supramitral ring.” “Supramitral ring” 
earned category of its own even though from their work it 

was clear that it was rarely an isolated defect. As a result, 
by necessity, some patients were classified into multiple 
categories based on this system. In 1994, Moore et al.[14] 
expanded van Praagh’s classification by adding “atypical 
congenital mitral stenosis” to differentiate between 
groups with symmetrical (typical mitral stenosis) and 
asymmetrical (atypical mitral stenosis) papillary muscle 
arrangements. His description of “atypical congenital 
mitral stenosis” resembled Oosthoek’s[17] description of 
“parachute-like asymmetrical valve” (see complex mitral 
valve lesions).

Surgical classification

In 1976, Carpentier[10] et al. introduced a surgical 
classification system to specifically facilitate the 
development of tailored techniques for congenital mitral 
valve repair. It was based on the “predominant lesion,” 
as he also observed that multisegment pathology was 
the most prevalent. His description and classification 
was based on observations at surgery made via the 
left atrium. Prior to this all classifications were based 
on the pathologists’ view of the defect. The Carpentier 
classification was based on leaflet motion: Normal, 
restricted, or prolapsed. In addition it considered 
the predominant anatomic and hemodynamic effects 
[Table 1]. This description of congenital mitral valve 
defects was widely accepted and utilized over the next 
three decades.[10,11,16,18-25] His team dramatically expanded 
the repertoire of operative techniques and in doing so 
popularized mitral valve repair for congenital defects. 
In 2008, Oppido and colleagues[16] further refined 
the classification system by adding a further level to 
Carpentier’s classification, the quality of leaflet tissue: 
Normal or dysplastic. In their surgical series dysplastic 
leaflets were associated with less favorable and less 
durable repairs.

Complex congenital MV lesions

Anatomical pathologists and cardiac surgeons introduced 
descriptive terms for what they perceived as very distinct 
congenital mitral valve lesions. However, many have 
argued that the majority of cases do to not fit the classic 
morphologic pattern but are the incomplete forms or the 
so called forme fruste.[5,17] As a result these descriptive 
terms are not stand-alone terms and require further 
clarification to facilitate effective communication.

“Parachute mitral valve” refers to an anomaly of the 
mitral valve apparatus where all tendinous cords insert 
into one papillary muscle as noted by Edwards[26] in 1963. 
The other papillary muscle is either absent or severely 
hypoplastic. As a pathologist, he observed the mitral 
valve through the incised left ventricle and noted that 
the anomaly had a parachute-like appearance. Others 
later observed that in the setting of isolated papillary 
muscle the tendinous chords are often short and 
fused with interchordal spaces partially or completely 
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Table 1: Classifications of congenital mitral valve disease
Author Year Age range Type of study N MV function Classification system
Davachi[9] 1971 <2 yrs Anatomical

(surgical + autopsy)
29 MR and MS Segmental classification of MR or MS 

based on predominant lesion:
1. Leaflet
2. Commissure
3. Chords
4. Papillary muscles

Carpentier[10,11] 1976/
1998 

(revised)

0-12 yrs
0-12 yrs

Surgical
Surgical

47
145

MS and MR
MR only

Classification based on predominant 
lesion:
MR:
   Type 1: Normal leaflet motion
   Type 2: Leaflet prolapsed
   Type 3: Restricted leaflet motion
   A : Normal papillary muscle
   B : Abnormal papillary muscle
MS :
   A :  Predominant valvar lesion with 

normal papillary muscle
   B :  Predominant subvalvar lesion 

with abnormal papillary muscle
Collins-Nakai[12] 1977 0–12.5 Anatomical

(surgical+ autopsy+ 
echo)

38 MS only Based on associated lesions
1. Isolated MV disease
2.  Supra mitral ring +/– other cardiac 

defects
3.  MS and other left-side lesions or atrial 

shunt
4. MS and Tetralogy of Fallot

Ruckman[13] 1978 0–28 yrs Autopsy 49 MS only 1. Typical congenital MS
2. Hypolpastic congenital MS
3. Parachute mitral valve
4. Supramitral ring
5. Double orifice MV

Moore[14] 1994 0–2 yrs Echo/surg 85 MS only 1.  Typical hypoplastic MV - symmetrical 
papillary muscles

2.  Atypical hypoplastic MV- asymmetrical 
papillary muscles

3. Parachute mitral valve
4. Supramitral ring
5. Double orifice MV

Mitruka[15]

Congenital heart surgery 
nomenclature and 
database project

2000 N/A Descriptive 0 MR and MS 1. Hemodynamic: MR, MS or mixed
2. Segmental:
   i.   Supravalvar
   ii.  Valvar A) annular B) leaflet
   iii.  Subvalvar A) chordal B) papillary 

muscle
   iv. Mixed

Oppido[16] 2008 0–20 yrs Surgical 71 MR and MS 1. Hemodynamic- predominant MR
 i.  predominant MS
2. Functional- normal leaflet motion
 i.   leaflet prolapsed
 ii.  restricted leaflet motion
3. Segmental- annulus/leaflet
 i.   chords
 ii.  papillary muscles
 iii. mixed
4. Leaflet tissue dysplastic leaflets
 i.   dysplastic
 ii.  nondysplastic

MR: Mitral regurgitation, MS: Mitral stenosis, MV: Mitral valve

obliterated. [9,11,27,28] Commissures are frequently 
underdeveloped and the leaflets may be dysplastic or 
deficient. The combination of these lesions can give rise 
to a funnel rather than parachute-like appearance. It is 
frequently associated with a “supramitral ring”[9,13] that 
is often an integral part of the mitral valve leaflets. [29,30] 

It is a membranous or fibrous shelf that arises from 
the atrial side of the anterior mitral valve leaflet and 
posteriorly attaches to the leaflet, annulus, or the left 
atrial wall below the level of the left atrial appendage. [30] 
Parachute mitral valve is commonly classified as a 
malformation of the papillary muscles. However, that is 
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too simplistic. It is often the associated lesions of other 
valve segments (e.g., commissural underdevelopment, 
dysplastic leaflets, shortened, and fused tendinous 
chords) that determine the severity of valvar dysfunction 
(stenosis and regurgitation) and hence the need for 
cardiac intervention. In addition to a supramitral ring, 
parachute mitral valves are frequently associated with 
subaortic obstruction and coarctation of the aorta. 
When obstruction at all four levels are present it is than 
referred to as Shone’s complex.[28]

Parachute-like asymmetrical valve was described by 
Oosthoek[17] in 1997 as an anomaly that is an incomplete 
form of the true parachute valve with two papillary 
muscles: One hypoplastic and the other dominant 
receiving the majority of tendinous chords. He further 
described that one of the papillary muscles was often 
elongated, located higher in the left ventricle with its 
tip reaching to the annulus, and attached at both its 
base and lateral side to the left ventricular wall. The 
valve leaflets could be directly attached to hypoplastic 
papillary muscle. Parachute-like asymmetrical valves 
formed a spectrum of anomalies, rather than a well-
defined entity. Only one out of Oosthoek’s 29 cases could 
be described as a “true” parachute valve. Two decades 
earlier Rosenquest also demonstrated that most papillary 
muscle anomalies were often mild or incomplete forms 
(that were common amongst patients with coarctation) 
and that the “true” parachute anomaly, with a single 
papillary muscle, was rare.[5]

Anomalous mitral arcade was first described by Layman 
and Edwards in 1967 as “an anomaly of the mitral valve 
that consisted of connection of the left ventricular 
papillary muscles to the anterior mitral valve leaflet, 
either directly or through the interposition of unusually 
short tendinous chords.”[31] When viewed from the left 
ventricle the two papillary muscles resembled two pillars, 
and the bridging fibrous tissue in-between the papillary 
muscles resemble the arch of an arcade.

Hammock mitral valve was first described in 1976 
by Carpentier[10] and it referred specifically to the 
appearance of the mitral valve apparatus from its left 
atrial aspect as viewed at cardiac surgery. The hammock 
appearance arose when the valvar orifice was at least 
partially obstructed by intermixed tendinous chords 
that attached to abnormal papillary muscles implanted 
just beneath the posterior leaflet.[32]

Correlation between Surgeons’ and Pathologists’ 
views of mitral valve morphology

These historical classifications and descriptions of 
common patterns of congenital mitral valve lesions 
highlight three important concepts. Firstly, the majority 
of congenital mitral valve defects are not limited to a 
single valve segment and it is often difficult to delineate 
the predominant effect. Secondly, the majority of the 

mitral valve lesions do not fit the classic descriptions 
and thus are incomplete or atypical. Thirdly, the classic 
descriptions of so called distinct congenital mitral valve 
lesions as described by surgeons and pathologists appear 
to overlap. For example as Carpentier stated “mitral 
arcade” is part of the hammock valve spectrum.[10] Hence, 
the papillary, chordal, and leaflet arrangement present 
in a hammock valve (when viewed from the left atrium) 
require these three structures take on an arrangement 
that appears like an arcade when viewed from a left 
ventricle. Later, Carpentier included Van Praagh’s “typical 
congenital mitral valve stenosis” in the hammock valve 
spectrum. [32] Carefully reading Moore’s[14] description of 
“atypical congenital mitral stenosis” and Oosthoek’s[17] 
description of “parachute-like asymmetrical valves” it 
would be not unreasonable to conclude that they are all 
part of the spectrum of congenital mitral valve lesions 
rather than discreet entities.

International classification of congenital MV disease by 
the “congenital heart surgery nomenclature and database 
project”
In 2000, an international group reviewed the 
nomenclature for mitral valve disease for the purpose 
of establishing a unified reporting system to allow for 
pooling of data and systematic analysis of outcomes, risks 
and trends [Table 1].[15] Despite the difficulties noted 
by their predecessors, they proposed a contemporary 
anatomic classification (supravalvar, valvar, and 
subvalvar), but with one major difference. They 
developed a hierarchical system to allow for coding of 
multiple or complex anatomical defects in a systematic 
segmental format. The authors retained commonly 
used descriptive terms of historical significance (such 
as parachute and hammock valves).

Correlation of morphology with echocardiography

The obvious limitation of postmortem and surgical 
assessments is that they both observe the mitral valve 
in an unnatural cardiac state, during temporary or 
permanent cardiac arrest. Important technological 
advances over the last two decades have enabled high 
resolution 2-D and real-time 3-D echocardiographic 
assessment of the mitral valve morphology and function. 
Echocardiography, however has inherited picturesque 
descriptive terms of congenital mitral valve anomalies. 
These descriptions were based on surgeons’ and 
pathologists’ view of the incised heart. However, on 
echocardiography, the mitral valves do not resemble 
those classic descriptions of “hammock,” “arcade,” or 
“parachute.” Nor would those descriptions be sufficient 
today as the detail of description of malformations 
must match our technological advancements. Segmental 
analysis of the annulus, leaflets, commissures, chords, and 
papillary muscles is required for optimal management. [29] 
The focus for cardiologists is to describe rather than 
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Figure 1: Video 1 (a–d): Mixed congenital mitral regurgitation and 
stenosis. The mitral annuls is markedly dilated. The leaflets are 
thickened and dysplastic. The chords are abnormally short and 
fused. The anterolateral papillary muscle (*) inserts high, just below 
the level of the annulus

classify lesions as most forms are incomplete, as 
illustrated in Figure 1, Video 1a–d.[5,17]

Studies have demonstrated that a high level of accuracy 
can be achieved when analyzing mitral valve pathology 
using 2-D echocardiography and an incremental benefit 
can be attained when combined with 3-D imaging when 
compared to findings at surgery.[33-35] 3-D imaging has 
the potential of advantage of better disease localization 
and segmental analysis.[36,37] The majority of comparative 
studies were derived from adult patients with mitral 
valve disease[36-39] or children with atrioventricular 
canal defect.[34,40] It appears that added benefits of 3-D 
echocardiography are also transferable to other rarer 
forms of congenital mitral valve lesions.[40,41] Studies 
suggest that the benefits of 3-D imaging are the greatest 
when transesophageal imaging is utilized in adult 
patients,[36,37] children have the advantage of having 
better transthoracic images. A number of authors have 
demonstrated the feasibility of performing rapid (5 min) 
focused real time 3-D echocardiographic imaging in 
nonsedated children as an add-on to comprehensive 
2-D assessment.[42]

Correlation of morphology and mitral valve function

Observational data from cross-sectional populations with 

congenital mitral valve disease suggest that predominant 
mitral valve regurgitation is more common than mitral 
stenosis as a hemodynamic effect [Table 2].[16,18-21,24,25,43] 
These studies also demonstrate that the patterns of 
morphological features do not necessarily predict the 
hemodynamic effect. Complex lesion such as Carpentier’s 
hammock valves (see above) are equally likely to lead 
to stenosis as regurgitation (pooled data).[10,11,16,18-22,24,25] 
Whilst, patients with isolated left-sided papillary muscles 
are more likely to present with stenosis, regurgitation is 
the predominant lesion in up to a fifth of patients (pooled 
data).[10,11,16,18-22,24,25] Authors that used Ruckman’s and 
van Praagh’s classification demonstrated that “typical 
congenital mitral valve stenosis” is the most common 
lesion that results in mitral stenosis [Table 3]. Whilst 
using Carpentier’s classification the most common 
mechanism of mitral regurgitation is leaflet prolapse 
followed by annular dilatation and cleft of anterior 
leaflet [Table 4].

SYSTEMATIC ECHOCARDIOGRPHIC 
ASSESSMENT OF THE MITRAL VALVE

Mitral valve anomalies are frequently associated with 
other cardiac defects and hence a comprehensive 
congenital cardiac assessment is always essential and 
is beyond the scope of this article. There are published 
guidelines on standards for performing pediatric 
echocardiograms[47] and on how to grade severity 
of valvar stenosis and regurgitation.[48,49] As per the 
recommendations by the authors of the “international 
congenital data base project” all four segments of the 

Table 2: Prevalence of congenital MR relative to 
congenital MS
Author N MR  

n (%)
MS  
n (%)

Prifti[20] 94 73 (77) 21 (22)
Uva[18] 20 10 (50) 10 (50)
McCarthy[19] 23 13 (57) 10 (43)
Zias[16,24] 26 21 (81) 5 (19)
Oppido[16] 71 60 (85) 11 (15)
Yoshimura[43] 56 52 (93) 4 (7)
Aharon[25] 18 15 (83) 3 (17)
Stellin[21] 93 48 (52) 45 (48)
Total 401 292 (72) 109 (27)

MR: Mitral regurgitation, MS: Mitral stenosis

Table 3: Common MV lesions that result in MS (van Praagh’s classification)*
Author Age N Type of study Typical 

MS
Atypical 

MS
Parachute 

MV
Double orifice 

MV
Supramitral 

Ring
Ruckman[13] <25 years 29 Autopsy 24 0 4 0 6
Moore[14] <2 years 85 Echocardiographic 52 8 9 11 20
Tierney[44] <6 m 68 Echocardiographic 50 0 14 4 0
McElhinney[45] 0–18 years 108 Surgical/catheter 78 0 28 11 46
Coles[46] 0–20 21 Surgical 16 0 2 0 5
Total 311 (100%) 220 (71%) 8 (3%) 57 (18%) 26 (8%) 77 (25%)

*Some lesions are classified twice, MV: Mitral valve, MS: Mitral stenosis
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Table 4: Common MV lesions that result in regurgitation (Carpentiers’s classification)*
Author N Type 1 normal leaflet motion Type 2 leaflet prolapse Type 3 restricted leaflet motion

Annular 
dilatation

MV cleft Deficient 
leaflet 

Leaflet prolapse Hammock 
valve

Parachute 
valve

Other

Aharon[25] 15 0 4 0 11  0  0 0
Chauvaud[11] 145 7 18 6 79 12 5 18
McCarthy[19] 13 13 5 3 3  0 0 0
Oppido[16] 60 25 24 1 22 2 1 6
Prifti[20] 37 13 6 1 14  0 2 1
Stellin[21] 48 12 18 2 9 2 2 3
Uva[18] 10 9 0 0 2  0  0 5
Zias[24] 21 7 10 0 2  0 0 2
Total* 349 (100%) 86 (25%) 85 (24%) 13 (4%) 142 (41%) 16 (5%) 10 (3%) 35 (10%)

*Classification is based on predominant lesion. However some lesions are classified more than once. MV: Mitral valve

Figure 3: Video 3: Live 3-D transthoracic image of an anterior mitral 
valve leaflet cleft, left ventricular view

Figure 2: Video 2 (a-d): Supramitral ring. The fibrous ring (arrows) 
is an integral part of the anterior and posterior mitral valve leaflets. 
The leaflet tips are thickened and chords are abnormally short. 
(a) 2-D TEE, (b) 2-D color TEE, (c) 3-D live, and (d) 3-D full volume 
acquisition

mitral valve should be systematically assessed.[15] It is 
recommended that a comprehensive 2-D imaging should 
be performed prior to 3-D assessment.

Supravalvar region: The left atrium and the left atrial 
surface of the mitral valve leaflets should be carefully 
inspected. A supramitral ring can be missed unless 
suspected.[50] It is more commonly intra rather than in the 
supramitral position and is an integral part of the mitral 
valve leaflets [Figure 2, Video 2a–d].[29,30] A supramitral 
ring always inserts below the left atrial appendage whilst 
in cor triatriatum the membrane is between the level of 
the left atrial appendage and the pulmonary veins.[30]

Annulus: The annulus of the mitral valve leaflet may be 
normal, dilated, hypoplastic, or in extreme cases atretic. 
It should be measured and then indexed to body surface 
area and expressed as a Z-score (normal deviate). Any 
deformity should be carefully noted.

Leaflets and commissures: The leaflet tissues may 
be normal, dysplastic, or thickened. Leaflets may 
be deficient, underdeveloped, or be associated with 

accessory tissue [Figure 1, Video 1a–d]. A leaflet cleft is 
usually of the anterior mitral valve leaflet with chords 
often attached to its free edges [Figure 3, Video 3.]. Clefts 
of the posterior mitral valve leaflet are rare and are often 
confused with normal (but pronounced) indentations 
of the posterior leaflet. Only clefts that affect the leaflet 
tissue between these indentations should be regarded 
as true clefts. Double orifice mitral valve may occur if 
there is duplication of the orifice with each suborifice 
supported by its own chordal apparatus [Figures 4a 
and 4b, Video 4a–b]. Alternatively a bridging valvar 
tissue may divide the inlet. The commissures may be 
underdeveloped or absent. The mobility of the individual 
segments or scallops of the anterior and posterior mitral 
valve leaflets should be carefully assessed. Frequently 
restriction or prolapse is localized to segments rather 
than affecting the entire leaflet [Figure 5, Video 5].

Tendinous chords: Both the primary chords that attach to 
the leaflet tips and the secondary chords that attach the 
body of the leaflet may be abnormally formed. Chords 
may be fuse, matted, thickened, and/or shortened and 
result in variable degrees of restriction of leaflet motion 
[Figure 1, Video 1a–d]. The interchordal spaces may be 
partially or completely obliterated giving rise to a funnel 
appearance. When chords elongate, they can allow leaflet 
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completed additional information can be gained by 
supplementing the echocardiographic study with 
transthoracic 3-D imaging. Generally three acquisition 
modes can be utilized: Real time (narrow angle), zoom 
(magnified), and full volume or wide angle. The full 
volume mode requires ECG gating, because the data 
is compiled from independent narrower pyramidal 
sectors over four or more consecutive heartbeats. Full-
volume acquisitions are prone to reconstruction or stitch 
artifacts. Older children may be able to hold their breath 
in expiration to minimize artifacts.[51]

Importance of systematic segmental assessment: Today, 
the ever expending repertoire of surgical techniques 
allow for individualized approach to mitral valve repair. 
There are various techniques to repair the annulus, to 
resect or enlarg e leaflets, and to adjust chordal and 
papillary muscle length. Operations are individualized 

Figure 6: Video 6: Parachute mitral valve, transthoracic 2-D 
parasternal-short-axis-views. The arrow points to the single 
hypertrophied posteromedial papillary muscle. Note the eccentric 
opening of the mitral valve orifice

Figure 5: Video 5: Live 3-D transthoracic image of posterior mitral 
valve leaflet prolapse, left atrial view. The smaller solid points to 
a flail posterior medial (P1) segment and the larger arrow points 
to the middle scallop (P2 segment) prolapse

Figure 4: Video 4 (a-b): Double orifice mitral valve, transthoracic 2-D images. (a) Apical-four-chamber view. (b) Parasternal-short-axis-
view. Arrows points to the two separate suborifices each supported by its own chordal apparatus

prolapse. In the absence of chords, the papillary muscles 
may directly insert into the leaflets. Insertion of the 
tendinous chords may be normal with equal distribution 
between the two papillary muscles or atypical with 
majority inserting into one dominant papillary muscle. 
Chords may also have septal attachments.

Papillary muscles: Papillary muscle arrangements may 
be normal with two symmetrical muscles located two-
thirds of the way from the basal to the apical end of the 
left ventricular wall. Alternatively that arrangement may 
be asymmetrical (with one dominant papillary muscle), 
less commonly single (parachute valve), or multiple (as 
has been described with hammock valves) [Figure 6, 
Video 6]. Minor variations may also occur such that they 
be abnormally positioned, closely spaced or hypo- or 
hyperplastic [Figure 1, Video 1a–d].

Once a comprehensive 2-D echocardiogram has been 
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to create an optimal balance, to normalize leaflet motion 
and coaptation. Many large centers have published ever 
improving results and experiences with surgical repair 
of congenitally malformed mitral valves. Nevertheless, 
mitral valve repair remains a challenge, particularly 
in infants and young children where alternatives such 
as mechanical and bioprosthetic valve replacement is 
associated with high mortality and morbidity.[52-55,14] 
Hence, in young children the question is not whether to 
repair or to replace but when to repair. In the first 12 
months of life repair is technically difficult and should 
be avoided whenever possible.[32] The cardiologist’s role 
is to systematically interrogate the mitral valve and 
assist the surgeon in estimating the likelihood of repair. 
Simple lesions that produce severe hemodynamic effects 
can often be successfully dealt with, for example, closure 
of a mitral valve cleft or resection of the supramitral 
membrane. However, in the setting of more complex 
lesions with dysplastic leaflets and grossly abnormal 
mitral valve apparatus optimizing medical management 
and delaying surgery is often the best strategy in the 
very young.

CONCLUSIONS

The majority of congenital mitral valve lesions are complex 
and affect multiple segments of the valve apparatus. 
Often it is too difficult to define the predominant 
lesion and predominant effect. The classical patterns 
of malformations are relatively rare and most can be 
characterized as the incomplete form or the forme fruste. 
On echocardiography, even the classical patterns of 
congenital mitral valves lesions do not give rise to a visual 
appearance of a parachute, hammock, or an arcade-like 
valve. However, a detailed segmental echocardiographic 
assessment can clearly define the pathology relating 
to the annulus, leaflet, commissures, chords, and 
papillary muscle arrangements. Generally there is a good 
correlation between 2-D echocardiographic findings and 
surgical morphology, which can be further supplement 
with 3-D imaging. A comprehensive echocardiographic 
assessment of a malformed mitral valve can guide the 
timing and nature of surgical repair.
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